What role does environment play in influencing information technology access and skills -over and above individual characteristics such as income, education, race, and ethnicity? One of the puzzles that emerged from our recent research on the "digital divide" was that African-Americans, and to a lesser extent, Latinos, had more positive attitudes toward information technology than similarly-situated whites. And yet, AfricanAmericans and Latinos are less likely to have information technology access and skills, even when controlling for other factors such as income and education (Mossberger, Tolbert and Stansbury 2003) . The research presented in this paper takes a first step toward explaining this paradox by unraveling the impact of place.
One of the enduring debates in social science is what difference environment makes in shaping an individual's opportunities. Scholars have long contended that place does matter, particularly when racial segregation and concentrated poverty are involved (Myrdal 1944; Clark 1965 ). More recent research shows that serious inequities persist in poor urban communities, despite decades of civil rights and fair housing legislation (Massey and Denton 1993; Kozol 1991; Kasarda 1990; Hill and Wolman 1997; Rosenbaum 1995; Wilson 1987 and 1996; Sampson et al. 2002) . The information age may have transformed these existing disparities in very poor communities, particularly inner-city neighborhoods, into new barriers to technological access and skill.
To better understand the impact of environmental factors, we plan to examine survey responses on information technology access and skill using three different levels of data -individual-level demographic characteristics, individual variables merged with county level socioeconomic and demographic data, and individual variables merged with these same environmental factors measured at the census tract level. This will allow us to untangle the effects of place, differentiating between the effect that environmental factors such as poverty have at the county level and at the neighborhood level. Living in a poor region may have some effect on individual technology access and skill because of limited regional employment opportunities or poor services. Research on racial segregation and concentrated poverty suggests, however, that structural disadvantages in urban neighborhoods with high levels of poverty may have an even more dramatic effect on individual opportunities. Our hypothesis is that lower rates of technology access and skill among African Americans and Latinos may be partly explained by environmental effects, since attitudes about technology cannot account for these differences. No previous studies of technology access and skill have explored the impact of environmental factors such as the racial, economic, and educational composition of the area at either the county or neighborhood level.
We begin with a literature review on information technology disparities that includes our previous research and explores the ways in which environmental factors may matter for access and skill. The methodology section that follows describes the techniques used in this paper as well as the July 2001 national random-sample telephone survey on which this study is based. This survey is unique because it includes a sample drawn from high-poverty census tracts, as well as a more general sample. We present the findings from the survey data merged with county-level demographic data, which shows that contextual factors do indeed matter for technology access and skill. Our analysis of the survey data merged with census tract-level demographic data is currently incomplete, but we conclude by considering the additional questions that can be answered in this final
stage, given what we have already learned.
INFORMATION TECHNOLOGY DISPARITIES AT THE INDIVIDUAL LEVEL: REVIEW OF PREVIOUS RESEARCH
The term "digital divide" has been used to describe patterns of unequal access to information technology based on factors such as income, race, ethnicity, gender, age, and residence in urban or rural areas.
1 While the number of computer and Internet users has steadily grown over the past decade, census data and other research have shown systematic differences between those who are connected and those who are not.
Inequities based on gender have diminished over the years (NTIA 2002) , and some predictions have been made that racial and ethnic gaps are currently insignificant or will soon disappear of their own accord. The "strong version" of this scenario is that all differences between groups, including those based on income and education, are being erased by the rapid diffusion of the Internet and computers throughout society (NTIA 2002; Compaine 2001 Academic studies are contradictory. Nie and Erbring (2000) and Wilhelm (2000) dismiss the influence of race, whereas Hoffman, Novak, and Schlosser (2000) and Neu, 1 Early government reports on the issues, identified lower rates of access for individuals living in urban and rural areas (NTIA 1995) . 2 This market survey has been quoted by academic sources (see Compaine 2001, Chapter 14) , but it was based on a mail survey, for which the response rate was not disclosed. (Lentz et al. 2000) .
Low-Income Survey on Access and Skill
The individual-level data from our survey show that race and ethnicity do matter for access. Using a national random surveys that oversampled low-income neighborhoods, and multivariate regression, Mossberger, Tolbert and Stansbury (2003) found that African Americans, Latinos, the poor, older individuals, and the less-educated are all statistically less likely to have access to home computers, the Internet, and e-mail.
In addition, we found evidence of a skills divide that mirrors the access divide. Race, 33 Although Wilhelm (2000) and Neu et al. (1999) used multivariate regression, these studies have some limitation as well. The data used by Neu et al. is from the 1993 Current Population Survey, before widespread use of the Internet. Wilhelm's findings on race and ethnicity are suspect. He included two variables for white (non-Hispanic) in his analysis: (1) a dummy variable for ethnicity coded 1 for nonHispanic and 0 otherwise and (2) a series of dummy variables for race that included white. This dummy variable coding of race/ethnicity creates a situation of near perfect multicollinearity, which makes it impossible to determine the impact of race or ethnicity on access to a home computer or modem. In addition to the dummy variable for white, Wilhelm also included dummy variables for African American, Asian American, and Native American respondents, leaving "other race" as the reference group for race. Given that very few individuals would have been in the reference group, the race variables also suffer from ethnicity, education, income, and age are all statistically significant predictors of lower levels of self-reported technology skill as well. This is true for technical computer skills (needing assistance to use a mouse or keyboard, e-mail, or a word processing or spreadsheet program), as well as for information literacy skills (using computers to find books, do homework, or find information on the Internet).
These findings on access and skill lead us to conclude that the optimistic scenario depicting information technology diffusion throughout society may be unrealistic without some policy intervention in low-income and minority communities. About 20 percent of our respondents reported needing assistance using the mouse and keyboard. National studies of literacy also show that nearly one-quarter of the population lacks more than the most elementary level of literacy (Kaestle et al. 2001 (Lenhart 2003) . Because apathy is an insufficient explanation for racial and ethnic differences, and individual income is also insufficient to account for these differences, environmental influences may be at work.
HOW ENVIRONMENT MAY MATTER
Research on racial segregation and concentrated poverty suggests environmental factors in poor urban neighborhoods may account for racial and ethnic differences in access and skill. Drawing on this research and some of our own survey results, we identify three ways in which location could influence access and skill: public and nonprofit institutions (particularly schools, but also libraries and community centers); social networks for information and informal learning; and job opportunities.
Institutions
The potential effect of public institutions is probably clearest in regard to the quality of education, something that measures such as individual educational attainment fail to capture. There are marked disparities between central city and suburban school districts, which have grown in recent years (Bahl et al. 1992; Bahl 1994) . These districtwide inequalities are often exacerbated, however, within the poorest neighborhoods (Kozol 1991) . Increased investment in technology hardware through the federal E-rate program has not closed the technology gap in poor urban schools, despite an increase in the number of computers in poor districts. Students in low-income schools may use technology less frequently because of lack of teacher training or the time required to familiarize students with basic technical skills that more affluent students have acquired at home. Computers tend to be used for rote learning exercises rather than for exploration of the Internet and its information resources (Bushweller 2001; Manzo 2001) .
Poor communities may lack other important institutional supports for technology use at libraries or community centers. Federal grants and non-profit agencies have provided funding for community technology centers in poor neighborhoods, but such centers are not universally available, and their operations often rely upon volunteers or unstable funding sources. One study of Los Angeles conducted by the Tomas Rivera
Institute concluded that in many neighborhoods, the only available resource for public access was the neighborhood library (Trotter 2001) . According to the American Library Association, 95 percent of libraries in the United States offer public access to at least one computer, and almost half of them provide some type of technical assistance or training for patrons (Trotter 2001 ). Yet we know little about the extent or quality of these computer services, especially in poor communities. Both schools and libraries tend to be heavily dependent on local revenues. The needs/resource dichotomy means that central cities have less fiscal capacity to provide public services, despite the need to serve residents who are often unable to purchase equivalent services in the private sector (Rusk 1995, 47) . Moreover, central cities tend to have a higher fiscal burden for police, fire, and courts, limiting their ability to invest in other services, such as libraries (Pack 1998) .
Social Networks
Social networks facilitate technology use, according to our survey. Computers and the Internet are used far more frequently at the homes of friends or relatives than at public access sites. Twenty percent of all respondents reported using computers and the Internet at the homes of others, and twenty-four percent of respondents without home computers relied on friends and relatives. This is about 10 percentage points higher than rates of usage of public access computers at libraries 4 (Mossberger, Tolbert, and Stansbury 2003) . Informal processes of learning about computers and their uses may be as significant as public access and formal training. Much has been written about the lack of resources and information in social networks in areas of racial segregation and concentrated poverty (Coleman 1988; Wilson 1987 and 1996; Holzer 1987; Ihlanfeldt 1997; Ainsworth 2002; Sampson et al. 2002) . Individuals living in high-poverty neighborhoods are more likely to have friends who are out of the job market and lesseducated (Rankin and Quane 2000) , and may therefore have less exposure to technology through personal networks. A recent survey shows that 31 percent of those who are "truly unconnected" say that very few or none of the people they know go online, whereas only 4 percent of Internet users report such social networks (Lenhart 2003 Residents in inner-city neighborhoods (or other impoverished areas) may be disadvantaged by lack of employment or low-skill jobs that don't use technology. High levels of unemployment in areas of concentrated poverty may be perpetuated by social networks lacking in information and contacts that could lead to employment or better jobs (Granovetter 1973; Hill and Wolman 1997; Ihlanfeldt 1999) . Shifts from manufacturing to the service sector coupled with the movement of many employers to the suburbs may create a "spatial mismatch" between the occupational skills of inner-city residents and the requirements of the knowledge-intensive professional jobs experiencing growth in nearby downtowns (Kasarda 1990; Hill and Wolman 1997) .
Poverty at the County Level
Most of the research cited above discusses urban phenomena rather than the geography of poverty more generally. Some scholars caution that their findings on concentrated poverty are most applicable in neighborhoods with poverty rates of 40% or more (Jargowsky 1998; Wilson 1996) , primarily in the Northeast and Midwest (Wilson 1996) . African-Americans are more likely to experience the effects of concentrated poverty than whites or even Latinos (Massey and Denton 1993) .
We are therefore interested in the influence that spatial factors have on technology access and skill at both the regional (county) and neighborhood (census tract) levels. Because the survey targeted high poverty areas, the sample included a relatively large proportion of racial and ethnic minorities, compared to standard surveys. Of the 1837 respondents, 70 percent were white non-Hispanic, 19 percent were AfricanAmerican, 9 percent Latino and 1.5% Asian American. Thus, Latinos and African-5 5 Telephone numbers were dialed daily through the months of July (37 days in the field) by trained interviewers. Up to 524 callbacks were attempted to contact potential respondents for the general population sample and 371 for the poverty sample. Answering machines were treated as "no answer" and called back on a regular no answer rotation, a minimum of three hours later. After securing cooperation, interviewers used Computer-Assisted Telephone Interviewing systems to administer questions and record responses.
Americans comprised 28 percent of the sample population, compared to 25 percent of the U.S. population in the 2000 census. Thirty-eight percent of our sample had household incomes below $30,000. This allowed us to make accurate inferences to minority and low-income populations as a whole. The survey generated data that was comparable to large-sample studies. Sixty-one percent of our respondents reported having access to a home computer, 54 percent reported having home Internet access, and 58 percent We use multivariate regression models to predict the impact of individual level and environmental variables on access to information technology and computer skills. To facilitate interpretation of the statistical findings, the regression coefficients from the statistical models are converted to expected probabilities using a Monte Carlo simulation technique (King et al 2000) . These simulation estimates allow us to compare the magnitude of differences for access based on environmental (place) characteristics, holding other factors including race, education, income, gender and age constant. We calculate the change in the probability caused by moving from a variable's minimum to maximum value while simultaneously keeping all other variables set to their mean or (0 or 1 category for dichotomous variables). 
HOW PLACE MATTERS AT THE COUNTY LEVEL

Results
1) Access to Information Technology
What factors explain access to information technology when we control for environmental influences? Individual-level variables are still significant. Across the models reported in Table 1 
2) Technology Skill
In our previous research we broadened the definition of the digital divide to include not only access, but basic technical competence and information literacy as well.
In order to assess the prevalence of both technical competence and information literacy,
we asked about what computer assistance individuals would need.
A substantial portion of our survey respondents reported needing assistance to carry out basic tasks using the computer. Nearly 22 percent said that they needed assistance using the mouse and keyboard -the most simple and yet fundamental skills involved in operating a computer. As tasks required more sophistication, the percentage of respondents needing help rose, with well over a third needing computer help to find information on the Web, find books, or do homework. More than half the survey respondents require assistance to use common software applications such as word processing and spreadsheets. Looking at the simple percentages, we get a picture of a substantial minority who need help taking the very first steps toward technical competence, and larger segments of the population (about 37 percent) who need help with more sophisticated applications, including those involving information literacy.
The dependent variable in the model presented in Table 2 is an index of responses to six questions measuring the need for computer "skills", including 1) assistance using the mouse and typing, 2) assistance using e-mail, 3) assistance using spread sheet We use the same explanatory variables as in the previous analysis of access to information technology.
Since the dependent variable is ordinal, ordered logistic regression coefficients are reported in Table 2 . Consistent with previous research, which did not control for environmental factors, we find that race, education, income, age, and gender are all important in shaping computer skills (Mossberger, Tolbert and Stansbury 2003) . African
Americans are statistically more likely to lack computer skills (both technical competency and information literacy) than whites, after controlling for other factors. But
Asian Americans and Latinos have comparable computer skills as whites, when environmental factors are considered (the non-finding for Latinos may reflect multicollinearity problems between the variable measuring Latino respondent and the percent Latino population in the county, as Latinos are fairly segregated by region).
Income again matters, as the poor were more likely to need computer skills than the affluent. Additionally, the uneducated were more likely to need computer skills, and older respondents were more likely to need assistance than the young. Females were more likely to need computer assistance than males.
Mirroring the previous analysis of technology access, the only environmental variable that was statistically significant was median income. Respondents residing in poor counties with low median income were more likely to need computer skills than those living in more affluent counties, holding other factors constant. This suggests that not only access to technology, but access to quality education, learning opportunities on the job, social networks, or other environmental factors depend upon the wealth of the community.
Again, we hypothesized that the true relationship between race and environment could only be captured via interaction effects. We replicated the model reported in column one of Table 2 , but with an interaction term for African American respondents multiplied by the median income of their residing county. The data is reported in column two of Table 2 . While the main effects remain unchanged (African Americans are more likely to need computer skills than whites and individuals residing in poor counties are more in need of skills), the interaction term is not statistically significant, suggesting that race and place (context) do not interact in shaping skills to use technology. African
Americans living in poor areas (counties) are no more likely to need computer skills than whites living in the same poor areas. Similarly, Latinos living in areas with low median income are statistically no different in terms of computer skills than whites living in the same counties (analysis not shown).
A lower level analysis using merged census-tract data should allow us to sort out with more confidence the effects of concentrated poverty and educational opportunities on both technology access and skills. For now, however, there is strong evidence that county-level wealth and resources affect access to computers and the Internet, as well as computer skills. Individuals residing in poor counties are less likely to have to have a home computer, home Internet access or an email address, as well as adequate computer skills-basic computer literacy (technical competence) and the ability to use computers to find information (information literacy). In one important case, race and county environments interact. African Americans residing in poor counties are less likely to have a home computer than whites residing in the same poor counties. But race and place don't appear to interact in shaping other forms of technology access or skill.
Probability of Access to Information Technology under Varying Economic Contexts
Probability simulations using Clarify Software (King et al. 2000) give us a more precise understanding of the impact of context on individual access to information technology using the logistic regression models (reported in columns 1-3 of Table 1 ) and computer skill using the ordered logistic regression models (reported in column 1 of Table 2 ). We vary county-level median household income from the average (mean of $39,000) to poor counties (one standard deviation below the mean). We also vary median income to wealthy areas (one standard deviation above the mean) and very wealthy (two standard deviations above the mean) holding the other variables in the model constant. In this simulation, the individual is assumed to be white and female, with average income, education, age and independent partisanship. The individual resided in a county with average African American, Latino, and Asian American populations, and average high school graduation rate. What then is the independent effect of living in high poverty counties on access to information technology? Note: Standard deviations are in parentheses. To simulate different levels of wealth, the variable countylevel median income was set at its mean and one and two standard deviations above and below the mean. Values for percent African American, percent Latino, percent Asian American, percent high school graduates, income, age and education were set at their mean. Gender was set at female, race was set at white, and partisanship was set at independent. Estimations were produced using Clarify: Software for the Interpreting and Presenting Statistical Results, by Michael Tomz, Jason Wittenberg, and Gary King.
Holding other factors constant, the simulations show that geographic region has a significant impact on access to information technology. Individuals residing in counties with average median household income have a 65% probability of having a home computer in 2001, all else equal. This probability drops 5% for the same individual residing in a poor county (one standard deviation below the mean). The same white, female with average income, education and age residing in a wealthy county (one standard deviation above the mean) has a 70% probability of owning a personal computer. Each one standard deviation change in the median income of the residing county results in a five percent change (increase or decrease) in the probably of an individual owning a computer, all else equal.
Similarly, holding other factors constant the probability of having home Internet access for an individual residing in a county with median household income was 55%.
This probability increases by almost 10 percentage points (64%) for the same individual residing in a wealthy county (one standard deviation above the mean), and drops to only 47% for an individual residing in a poor county (one standard deviation below the mean), all else equal. The impact of county level resources/wealth on the probability of an individual having an email address resulted in more than a 10 percentage point increase or decrease when moving one standard deviation above or below the mean, all else constant. The simulations highlight that not only is place statistically significant in shaping access to technology, but that the magnitude of the effect is large, comparable to individual level factors (income, education, race, ethnicity, gender) reported in previous research (Mossberger, Tolbert and Stansbury 2003; NTIA 2002) . The effect on skill, while statistically significant, is not as pronounced as in the case of access.
CONCLUSION AND QUESTIONS FOR FURTHER RESEARCH
In sum, place or environmental factors matter in shaping access and use of information technology, and so does race. This is true even at the county level, where poverty is less concentrated, and where racial segregation is less prevalent. While poverty at the county level may differ from the deprivation experienced by some central city neighborhoods, county income affects computer access and skill. Causes for this outcome may be more limited technology opportunities offered in schools, other public institutions, or in employment.
That area resources or wealth shape access (measured by median household income) is an important factor in understanding the digital divide, and this is the first study to explore the effects of environmental influences on technology access and skill.
We began this study asking whether lower levels of access and skill among African
Americans and Latinos might be explained by more limited opportunities available within their communities, particularly because these outcomes could not be explained by apathetic attitudes. Our initial answer is that environment does play a role, even at the county level, particularly for African-Americans. Surprisingly, the quality of education (measured by county-level graduation rates) is not statistically significant in predicting technology skill or access, contrary to numerous studies highlighting the importance of education in the digital divide (Nie and Erbring 2000; Compaine 2001 ). This result, of course, may be due to the shortcomings of using graduation rates as an indicator of educational quality. However, income or wealth remains the critical factor in shaping inequality in this policy area, and this may in turn be related to spending on education and other regional factors such as labor market opportunities.
These preliminary findings imply that environmental factors will also be important for access at the census-tract level, and that the effect may indeed be magnified. Social networks, spatial mismatch, and other features identified in the interaction between race and median income was significant only for computer ownership at the county level, we would expect to see other interactions at the neighborhood level, because of the relationship between concentrated poverty and racial
segregation. An interesting question is whether skill levels might be more differentiated at the neighborhood level, with greater skill deficiencies reported by individuals living in very poor census tracts. While our initial results show for the first time that both race and place matter in information technology disparities, there is much more to be learned in the next phase, where we can target areas of highly concentrated poverty. 1 Index of responses to the following six questions: Do you need computer assistance 1) using a mouse and typing, 2) using email, 3) locating information on the web or internet, 4) using word processing/ spread sheet programs, 5) doing homework, 6) finding books in a library? Variable range is 0-6.
